is Fibrinolytic activity (caused by a plasminogen activator) in the spinal cord was highest in the rat, lowest in the rabbit, and intermediate in the guinea pig. In all species the activity was highest in relation to the pia mater. The central spinal canal was active in the rat and the rabbit, but mostly inactive in the guinea pig. Foci of activity were more numerous in the gray matter than in the white matter corresponding to the greater vascularity of the former. In all species ability to inhibit plasmin was related mainly to the gray matter, with an additional area related to the dura mater. The high fibrinolytic activity of the spinal leptomeninges may play a role in the pathogenesis of hemorrhagic processes related to the spinal cord.
A SSAYS of the fibrinolytic activity in extracts from the brain of man and several animal species show that a plasminogen activator is present in high concentrations in the meninges, s,9,~~ The pia mater has a particularly high fibrinolytic activity, and this is true even in species that usually have low concentrations of plasminogen activator in their tissues, such as cattle/~ or rabbit. 6 In contrast, the dura mater frequently showed a low fibrinolytic activity. Interestingly, in organ cultures of human embryonic pia mater and dura mater, both exhibited exceptionally high fibrinolytic activity. ~ Using the histochemical fibrin slide technique of Todd) 6 first Warren 29 and then Takashima, et al.fl 5 and Tovi 27,~8 identified the vessels of the meninges as the source of fibrinolytic activity. It is worth recalling that the retina and choroid of the eye are particularly rich in plasminogen activator, 17 which could be related to their blood vessels. 15,~e Pandolfi ~5 also found that the endothelium of the central retinal artery of man or the monkey frequently exhibited an activity exceeding that of the vein, in contrast to the pattern shown by most normal human arteries and veins. Tovi ~7,28 also found marked endothelial activity in the larger human cerebral arteries.
So far, there are no reports on the distribution of fibrinolytic activity in the spinal cord. We present here the results of a histochemical study of the fibrinolytic activity (plasminogen activator) and the inhibition of plasmin in the spinal cord of some animal species (rat, guinea pig, rabbit).
Materials and Methods

Experimental Material
Specimens of the middle thoracic region of the spinal cord were collected from 12 adult Wistar rats, 12 guinea pigs, and 10 white New Zealand rabbits, all newly killed. The specimens were placed in small, air-tight containers and immediately frozen and stored at -20 ~ C or below.
Fibrinolytic Activity
Sites with fibrinolytic activity were localized by the histochemical fibrin slide technique of Todd, 2~ slightly modified as follows. Frozen sections (6 ~ thick) were collected on precleaned slides and briefly dried in the air. They were then covered by a film of fibrin by spreading and mixing 60 #1 of a solution of 0.7% plasminogen-rich bovine fibrinogen in phosphate buffer (prepared by ammonium sulphate precipitation as described by Brakman and Astrup3), and 10 #1 of a solution of bovine thrombin* in saline (20 NIH units/ml) over an area of 2.5 • 4 cm. After the clot had stabilized for 20 minutes at 10 ~ to 15 ~ C, the slides were incubated at 37 ~ C in a moist incubator for periods of 30 to 90 minutes (rat), 30 to 150 minutes (guinea pig), or 60 to 240 minutes (rabbit). After fixation in 10% formaldehyde and staining with Harris' hematoxylin the slides were mounted with glycerin-jelly. A total of 100 to 120 serially cut sections from each specimen was prepared and examined. To test for unspecific protease activity, fibrin slides were also prepared with plasminogenfree fibrinogen.
Inhibitor Effect
The presence of inhibitors of plasmin was examined by the fibrin slide "sandwich" technique of Noordhoek Hegt and Brakman 12,1a as follows. Frozen sections (16 ~t thick) were collected as above and covered by a plasminogen-free fibrin film by spreading and mixing 100 ~1 of a 0.7% solution of plasminogen-free bovine fibrinogen with 20 ~1 of the thrombin solution over an area of 2.5 x 4 cm. The slides were then left for 30 minutes in a moist refrigerator to allow inhibitors in the tissue section to diffuse into the superjacent fibrin film. Next, frozen sections (10 ~ thick) of a frozen solution of human plasmint in saline with 15% gelatin (1.5 MDH caseinolytic units/ml) were placed on top of the fibrin slides. These "sandwich" slides were then incubated in a moist incubator at 37 ~ C for periods ranging from 120 to 180 minutes. The strength of the plasmin solution was adjusted to produce complete lysis of the fibrin layer in 120 minutes in the absence of a tissue section. Unlysed fibrin remaining after 120 minutes or longer of incubation is indicative of the presence of inhibitors of plasmin at the corresponding areas of the tissue section. In total, 100 to 120 sections from each specimen were examined by the "sandwich" slide technique concurrent with the evaluation of plasminogen activator activity by the regular fibrin slide technique in order to secure identical experimental conditions and a more accurate comparison. In some control experiments the tissue sections on the glass slides were heated at 100 ~ C for 15 hours in a dry oven in order to destroy inhibitors before preparation of the fibrin film and coverage by the plasmin-gelatin section.
Results
Fibrinolytic Activity
Rat Specimens. Well demarcated foci of lysis appeared after 30 to 45 minutes of incubation in sections of the spinal cord of the rat ( Fig. 1 left) . Sections from specimens from which the dura mater had been removed showed high activity along the pia mater related to its blood vessels. Foci or diffuse lines of lysis were also seen along the ventral median fissure corresponding to its double fold of pia mater. In sections with the dura mater the activity along this was weak and diffuse, and it contrasted with the well defined foci along the pia mater. A well demarcated *Bovine thrombin obtained from Leo Pharmaceuticals, Copenhagen, Denmark. To avoid interference during the prolonged incubation period by the high activity of the pia mater, we removed most of the meninges from this specimen. lysis became more marked, and the lytic area at the central canal ultimately covered the center of the gray matter (Fig. 1 right) . In sections from specimens from which most of the meninges had been removed, so that the slides could be incubated for prolonged periods without interference from the highly active pia mater, the superior fibrinolytic activity of the gray matter was obvious (Fig. 2) .
Guinea Pig Specimens. Slides with sections
of the guinea pig spinal cord showed well demarcated foci of lysis after incubation for 60 to 90 minutes (Fig. 3) , mostly related to the pia mater. Scattered foci of lysis appeared in the ventral median fissure and the white matter, and multiple small foci covered most of the g r a y matter. Surprisingly, the fibrinolytic activity related to the central canal was weak in the guinea pig, even after 120 m i n u t e s of incubation, and m o r e prolonged incubation caused widespread lysis because of the active foci in the gray matter.
Rabbit Specimens. Slides with sections of the rabbit spinal cord required incubation for 120 to 150 minutes in order to produce well demarcated foci of lysis along the pia mater and the ventral median fissure (Fig. 4) . The central canal of the rabbit showed marked lysis similar to that seen in the rat, but weaker. Lysis related to the white and gray matter was very weak. Lysed areas observed in the gray matter after 180 minutes of incubation seemed to be caused mostly by an extension of that related to the central canal.
Comment. Tested on slides with plasminogen-free fibrin none of the sections from any of the species showed more than traces of lysis, indicating that the fibrinolytic activity reported above was caused by an activator of plasminogen.
Inhibitory Effect
In the "sandwich" slides the plasmingelatin layer covering the plasminogen-free fibrin layer produced complete lysis in the areas surrounding the spinal cord sections after incubation for 120 minutes, which is the period of time required to produce complete lysis in control "sandwich" slides without tissue sections. Lysis (Fig. 5) was almost complete in the area above the white matter, with partial lysis above the gray matter in about 10% to 15% of all sections from the three species after 120 minutes of incubation. Most of the sections showed partial lysis above the white matter and no lysis at the location of the gray matter. Only a few sections showed no lysis at all in the area superjacent to the section, except in the guinea pig in which about 5% of the sections showed absence of lysis (not counting lysis of the fibrin covering areas beyond the section). Sections of the guinea pig spinal cord also tended to show a FIG. 5. Rabbit thoracic spinal cord. Fibrin "sandwich" slide; incubated 120 minutes. X 12. Lysis of fibrin by the superjacent plasmin-gelatin layer inhibited over the gray matter. Unlysed fibrin also remains above some areas of the white matter and in relation to the meninges. Beyond the tissue section the fibrin layer is completely lysed. more limited partial lysis of the area related to the white matter than the sections from the rat and rabbit, and the percentage of sections showing partial lysis of the fibrin above the gray matter was smaller. In sections with detached meninges, unlysed areas of fibrin could also be seen at higher magnification above the location of the dura mater (see Fig.  5 ) in all three species. After incubation for 180 minutes, 10% to 15% of the slides with sections from the rat and rabbit showed almost complete lysis of fibrin at the location of the white or gray matter, with 60% to 65% showing almost complete lysis related to the white matter, but only partial lysis related to the gray matter. The remainder of the sections showed nearly complete lysis only at the location of the white matter, and little or no lysis related to the gray matter. In sections from the guinea pig, lysis related to the white matter was almost complete in about 60% of the sections, with partial lysis related to the gray matter in many of them. When the slides with the spinal cord sections had been heated for 15 hours at 100 ~ C in a dry oven before preparation of the "sandwich" slides, lysis in most of the sections from rat or rabbit was complete in the areas above the white matter after 120 minutes of incubation, with partial lysis at the location of the gray matter. Similarly treated sections from guinea pig showed less intense lysis. From these results we conclude that inhibitory material is present mainly in the gray matter of the spinal cord, and sometimes also related to the meninges, in particular to the dura mater. This pattern of inhibition applied to all three species, but the inhibitory effect was slightly higher in the guinea pig.
The association of inhibitory material mainly to the gray matter was verified in additional experiments. In some sections of the spinal cord the white matter was removed from one side of the section, so that part of the gray matter was close to the periphery of the section. Fibrin "sandwich" slides with these sections showed an unequivocal correlation of plasmin inhibition with the gray matter. In other sections, in which small pieces of gray matter had been separated during cutting and had become relocated to the area of the white matter, unlysed zones of fibrin remained at these locations after incubation of the "sandwich" slides, despite complete lysis of the fibrin in the surrounding areas. Lysis of the fibrin covering the white matter always appeared first at the periphery of the section, while at more central parts lysis appeared only after prolonged incubation, suggesting that the concentration of inhibitory material was higher in areas close to the gray matter. This could be caused by diffusion of inhibitor from the gray matter during the period of storage in the refrigerator required for diffusion of the inhibitor into the fibrin layer before the application of the plasmin-gelatin section. When this period of diffusion was extended from the regular 30 minutes to 60 minutes the areas oflysed fibrin above the white matter were further reduced.
Control slides without tissue sections, in which the plasmin-gelatin section covering the fibrin layer in the "sandwich" slide was given various forms and sizes, always showed areas of lysis corresponding in form and size to that of the superjacent plasmin-gelatin section, even after prolonged periods of incubation. Likewise, if a hole was made in the plasmin-gelatin section, an unlysed zone of fibrin corresponding to the hole was left after incubation. These experiments show that lysis of the fibrin by the plasmin in the plasmingelatin section is limited to the areas covered by this section, even after prolonged incubation, and that the extent of lysis is little influenced by diffusion of plasmin from the solidified gelatin. The unlysed areas in "sandwich" slides with tissue sections must therefore be caused by the presence at the corresponding areas in the tissue section of a material that inhibits the lysis of fibrin by plasmin.
Discussion
Our results show the existence of differences in the intensity of fibrinolytic activity in the spinal cord of the three species studied, with the overall activity highest in the rat, lower in the guinea pig, and lowest in the rabbit. In all three species the highest activity was related to the pia mater (including the ventral median fissure) while that related to the dura mater was low. Other structures of the spinal cord showed differences in the patterns between the species. Thus, in the rat and guinea pig the focal fibrinolytic activity of the gray matter was markedly higher than that of the white matter, while the activities of both were very low in the rabbit. This could be caused by the much lower overall activity observed in the rabbit. However, in the rabbit as well as in the rat, marked activity was related to the central canal, which was mostly inactive in the guinea pig.
There was no marked difference in the plasmin-inhibiting effect of sections of the spinal cord from the three species, except for a slightly higher inhibition in the guinea pig than in the other two species. In all three species the inhibitory effect was related mainly to the gray matter. The dura mater was an additional area with plasmin inhibitor capacity. It should be mentioned that Oliphant, et al. 14 found a trypsin inhibitor in the human and bovine brain to be equally distributed between the white and the gray matter.
As reported above, the gray matter of the spinal cord showed multiple small foci of lysis. Because the inhibitory effect was found also to be chiefly related to the gray matter, the activator capacity actually present must be higher than the observed fibrinolytic activity.
The high fibrinolytic activity of the pia mater of the spinal cord agrees well with the corresponding activity in the brain. Tovi 27,~s discussed the possible role of the meningeal fibrinolytic activity in subarachnoid hemorrhage following rupture of an intracranial aneurysm. Possibly, the cranial arteries are predisposed to aneurysm formation because of their relatively weak muscular layer. Tovi 27 concluded that the early dissolution of subdural, subarachnoid clots and perianeurysmal fibrin plugs can be explained by the relative abundance of plasminogen activators in the meninges. Experimentally, thrombosis of the arterial aneurysms is enhanced by the administration of antifibrinolytic drugs, lx, 18 Tovi, 27 Smith and Upchurch, 2~ Corkill) and others have reported on the antifibrinolytic treatment in patients with aneurysmal subarachnoid hemorrhage. Ruiter, et al.?~ found high plasminogen activator activity in the tissue of aneurysmal bone cysts, and they suggested that fibrinolysis is an important factor in the maintenance and expansion of the cyst. Other authors have also reported on the high fibrinolytic activity of bone cysts? ,~8 Despite the relatively low fibrinolytic activity of the normal dura mater of the spinal cord, it is suggested that a similar mechanism might contribute to the maintenance and expansion of spinal extradural cysts, which may be congenital or a result of trauma to the meninges. ',7 This assumption is supported by reports on the spontaneous occurrence of spinal extradural hemorrhage in patients under anticoagulant therapy 22 or in hemophilia, ~' as well as on the presence of local hyperfibrinolysis in cases of chronic subdurai hematoma?
